Many different conditions, lack of certain essential elements, diseases, or application of a number of toxic materials may bring about chlorosis in plants. A few organic compounds have a much more drastic effect by causing complete bleaching or albinism in the leaves of plants. Rhykerd et al. (9) reported that certain carbonic and thiocarbamic acid derivatives of hydrazine, bisthiocarbamyl hydrazine, 5-aminotetrazole, and 1,2-diacetyl-3,5-diamino-1,2,3,5-tetrahydro-1.2.4-thiadiazele induce albinism in plants. Bisthiocarbamyl hydrazine produced this effect because it complexed metal ions strongly. Hamner and Tukey (3) and Ready (8) found that albinism was induced by treatment with 3-(a-iminoethyl) -5-methyltetronic acid and 3-nitro-4-hydroxybenzoic acid, respectively. Von Euler (13) and many other workers have noticed that streptomycin in high amounts causes complete bleaching of the leaves and stems of certain plants. The first toxic symptom produced by the well-known herbicide, 3-amino-1,2,4-triazole, is the development of young leaves devoid of chlorophyll (16). Our paper is concerned with an amino acid analog, O-methylthreonine, which causes albinism or complete bleaching of the young leaves of certain plants. We also report the results of studies carried out to determine the mode of action and the effect of O-methylthreonine on Euglena. Previously (1) we presented a preliminary report.
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Materials & Methods
The DL-O-methylthreonine used in this work was prepared by Pfister et al. (5) using a method similar to that described by West and Carter (15) . Either solutions of O-methylthreonine (fig 5) in water were applied as a drench to the soil or sand in which various plants were growing, or they were sprayed on the foliage with an atomizer. In some cases 0-methylthreonine and other amino acid analogs were applied to bean plants by immersing one primary leaf in a solution of the material contained in a glass vial.
Various plants were grown in soil or sand in clay or paper pots under greenhouse conditions. The effect of applying O-methylthreonine on the following plant species was determined in these experiments: O-Methylthreonine was also tested on Euglena gracilis which was grown in 50 ml Erlenmeyer flasks containing 10 ml of medium. The medium was prepared as described by Hutner et al. (4) and modified by Villela and Abreu (14) weeks. In figure 1 is shown a plant 5 weeks after treatment when small lateral shoots that were completely devoid of chlorophyll had started to grow out. An untreated bean plant of the same age is shown in figure 1 for comparison.
Further experiments showed that O-methylthreonine was also toxic when applied to the roots of plants growing in soil. A Topcrop bean plant growing in soil was irrigated with 50 ml of a water solution containing 1,000 ppm O-methylthreonine. At the time of treatment, the first trifoliate leaflets were about one centimeter wide. Defoliation of these young leaves occurred, and the growing point was killed. Figure 2 is a photograph of the treated bean plant taken 6 Isoleucine and several other amino acids were tested for reversing the bleaching effect caused by 0-methylthreonine on Euglena. Each amino acid was run alone at a concentration of 1,000 ppm and in oombination (each at 1,000 ppm) with 100 ppm 0-methvlthreonine. DL-Isoleucine prevented the inhibition of growth and chlorophyll formation caused by 100 ppm O-methylthreonine (table II) , the same as it did in higher plants. DL-Leucine and to a lesser extent DL-norleucine also exerted reversing activity, but DL-serine, DL-threonine, and DL-valine had very little, if any reversing effect. In some experiments DLleucine appeared to be as effective as DL-isoleucine.
In another experiment, Euglena gracilis was grown in the presence of 100 and 1,000 ppm 0-methylthreonine for 10 days; the cells were almost completely devoid of green color. Then DL-isoleucine was added to give a concentration of 500 ppm in both cultures in this bleached condition. The green color returned to both flasks showing a true reversal of the inhibitory effect. Duplicate flasks that were treated the same way except that no isoleucine was added, did not regain the green color.
Discussion
It was interesting to find that isoleucine reversed the inhibitory effect of O-methylthreonine and that threonine did not have any reversing effect. There are two likely explanations for the reversal caused by isoleucine. First, considerable evidence has been found by Umbarger (12) and others that L-threonine is a precursor of isoleucine in several microorganisms. If threonine is a precursor of isoleucine in higher plants, then it is conceivable that 0-methylthreonine in replacing threonine could block the enzymatic synthesis of isoleucine which seems to play an important role in growth and chlorophyll formation in plants. Adding isoleucine should overcome the deficiency caused by such a blockage, and it does. One would think that adding threonine in large amounts should partially displace the O-methylthreonine from the enzyme site and allow some isoleucine to be synthesized, but no evidence for this was found.
On the other hand, it may be that O-methylthreonine is more of a competitive antagonist of isoleucine than it is for threonine because of its close structural relationship to isoleucine. The structure of L-Omethvlthreonine is analogous to L-isoleucine (fig 5) Literature Cited
